The aim of this research was to evaluate the effects of different irrigation depths and potassium dosages, of Jatropha seed oil content and yield. The experimental design used was randomized blocks, in split-plots, with four replicates. The treatments were four water depths (plots) and four potassium dosages (subplots) applied through irrigation water. The water depths were applied based on the percentage of accumulated evaporation of a Class A (ECA) tank and of rainfall, as following: L0 = without irrigation, L40, L80 and L120, representing 40, 80 and 120% of the balance, respectively. The potassium dosages were K30, K60, K90 and K120 (30, 60, 90 and 120kg ha -1 of potassium, respectively). The oil extraction of samples was done through chemical extraction by organic solvent. The seeds used in this test were from the sampling of two seed productions from 2009, second year of crop production. It was possible to observe that irrigation use increased oil yield and decreased the oil content of Jatropha seed. Potassium fertilization did not influence oil content and yield. There was a relative increase of efficiency in water use producing oil until certain water depth, and after that there was a decrease.
INTRODUCTION
Currently, petroleum, coal and natural gas are the main sources of raw material for the production of energy in the world. However, the expected depletion of its reserves, combined with price swings and concern over global climate changes are some concerns that increase motivation and demand for biodiesel in Brazil and worldwide (TRZECIAK et al. 2008) . Specifically in Brazil, increased demand for biodiesel is also due to incentives provided by its legislation, where, through the passage of the law number 11,097, on January 13, 2005, it has established a plan to increase the biodiesel blend with petroleum diesel, which, since January 2010, the National Energy Policy Council (CNPE) put in place a 5% blend of biodiesel with petroleum diesel (TRZECIAK et al., 2008) .
Overall, the content and quality of oil, the production per unit area, the adaptation to different production systems, crop cycle and regional adaptation, are essential factors to be considered for biodiesel production. Brazil has a great diversity of oleaginous plant species from which it is possible to produce biodiesel, especially Jatropha seed, which is a bushy plant belonging to the family Euphorbiaceae, Jatropha genus, species Jatropha curcas L.. According to some authors, Jatropha is considered a primitive culture which adapts to different edaphoclimatic conditions, with high productivity and quality of oil, which in terms of commercial cultivation, aimed at high productivity, requires water and soils with good fertility (ARRUDA et al, 2004; LAVIOLA & DIAS, 2008; OLIVEIRA et al., 2009 ).
TEIXEIRA (2005) states that, in commercial terms, the average productivity of Jatropha is 5,000kg ha -1 for the established culture and on favorable conditions, with around 32% of this value is converted to vegetable oil, i.e., about 1,600kg ha -1 . According to data from EPAMIG (2006), the production of oil from the seeds of Jatropha is 1,589kg ha -1 of oil per year, on average. ARRUDA et al. (2004) emphasize that the production of oil reaches 2,000kg ha -1 at culture productive age, which is about 3 to 4 years of age. LAPOLA et al. (2009) report that, in pressing process, a ton of Jatropha seeds has an average yield of 277.5 liters of biodiesel, assuming seed oil content of 34% and 75% of extraction efficiency.
In terms of oil content, MARTINS & CRUZ (1985) reported that the average content of oil from Jatropha seeds is around 35%. TEIXEIRA (1987) found that the oil content of Jatropha seeds evaluated ranged from 23 to 34%, justifying that this variation was due to the locality, cultural practices and genetic variability of the species.
Some researchers point out that the Brazilian Jatropha is a species with great potential, but there are many uncertainties regarding the agronomic aspects, such as the behavior of the growth, production, fluid and nutritional requirements, among many others, requiring studies supporting these key variables which guide decisions in production systems (SATO et al., 2007; SILVA et al., 2009; CHAVES et al., 2010) .
In relation to water requirements, it is known that water is a determining factor in plant growth, limiting agricultural productivity of crops, because it contributes in various metabolic processes which converge in plant development (PIMENTEL, 2004) . Specifically with regard to the behavior of Jatropha in the use of irrigation, EVANGELISTA et al. (2011) report that the crop responds well to irrigation, directly affecting their productivity. Additionally, irrigation interferes directly in growth parameters of culture, as emphasized in the conclusions of FARIA et al. (2011) . In general, besides the appropriate fertilization, efficient water supply interferes directly in the development and production of agricultural crops. Given the above, the objective of this study was to evaluate the behavior of Jatropha seed oil content and yield depending on the differentiation of irrigation depths and potassium levels, in the city of Lavras, state of Minas Gerais (MG).
MATERIAL AND METHODS
The experiment conducted in the Fruitculture area of the Department of Agriculture, of the Federal University of Lavras, Lavras -MG (21º14' South, 45°00' West, 892 m), was what originated the grains used in determining the oil content, and these determinations were conducted at the Laboratory of Water Analysis (LAADEG) and Laboratory of oils, fats and biodiesel of the Engineering Department, of the Federal University of Lavras.
The city of Lavras has a Cwa climate, with mean annual air temperature of 19.4ºC, mean relative humidity of 76.2%, mean annual rainfall of 1,529.7mm and mean annual evaporation of 1,034.3 mm (DANTAS et al., 2007) .
The seedlings of Jatropha (Jatropha curcas L.) were planted in the furrow, manually, with spacing of 3.0m between planting rows and 1.5m between plants. Generated information originated from the application of four treatments related to irrigation depths, and four treatments related to the potassium dosages. The irrigation depths were applied in the effectively irrigated areas, based on the percentage of the balance of accumulated evaporation of Class A tank (ECA) and the rainfalls, being as follows: L0 = without irrigation, L40 = 40% of the balance, L80 = 80% of the balance, and L120 = 120% of the balance. The potassium dosages were applied to each production cycle of the crop, in the irrigation water, in the following dosages: K30 = 30kg ha -1 , K60 = 60kg ha -1 , K90 = 90kg ha -1 , and K120 = 120kg ha -1 , where the potassium source was potassium chloride (58% K 2 O). The experiment was conducted based on experimental design with randomized blocks, in split-plots with four replications, where the irrigation depths were randomly assigned in blocks, and potassium dosages within each treatment of irrigation depth. Each plot consisted of six rows of Jatropha, spaced by 3m, with a length of 12m, consisting of 48 plants, with a total area of 216m It was analyzed the data of oil content and yield, and the efficiency of water use in the production of Jatropha oil, and for determining the oil content, it was used grains from sampling of two grain yields of Jatropha of 2009, which refers to the second year of production, and third year of culture.
The oil extraction was performed chemically using organic solvent (Hexane) in an extraction apparatus of Soxhlet type, following guidelines of MENDONÇA FILHO et al. (2010) , and, for this, the samples were previously crushed and placed in envelopes of filter paper in the average amount of 2.5g, in which were produced 3 sub-samples (repetitions) for each treatment (3 x 64 treatments = 192 sub-samples). The extraction time for each sample was 2 hours and 30 minutes, which were subsequently dried at 60°C for 30 minutes, so that the humidity would not alter the mass of the dry sample. The mass of each repetition was measured with a precision scale after kiln drying. The oil content of each treatment was determined using the equation 2.
(02)
In which, TO -content of grain oil, %; P paper -weight of filter paper, g; P sampling -weight of crushed sampling, g, and P final -weight of sampling and filter paper after the test, g.
The oil yield of each treatment was estimated by equation 3, based on information of DEUS (2010) in the grain yield of Jatropha of the second year of production.
(03)
In which, P oil -estimated yield of oil, kg ha -1 ; TO -content of grain oil, %, and P 2009 -yield of Jatropha grain for the second year of production, kg ha -1 .
The collected data were statistically analyzed using analysis of variance, and for those factors that showed significant differences by the F test, equation adjustments were made using regression analysis. It was analyzed the levels of irrigation, potassium doses, as well as the interaction between them, as quantitative factors, with the aid of the Sisvar computer program. Table 1 presents a summary of the analysis of variance, at 5% probability, for data of oil content and yield of Jatropha grain samples for the second year of crop production, and for efficiency data for the total water applied to the crop of Jatropha converted to total oil yield. ns -not significant, * -significant at 5% probability It can be observed that the only differentiation of the water depth influenced statistically the oil content and yield, as well as the water use efficiency in oil production (Table 1) , and in Table 2 it can be observed the results of regression analysis for parameters that were significant by the F test. ns -not significant, * -significant at 5% probability Except for the square root model, all models evaluated (linear and 2 nd degree polynomial) adapted with the statistical data, which the model that showed higher coefficient of determination (R2) was chosen for each parameter, and for all situations related to the 2 nd degree polynomial model.
RESULTS AND DISCUSSION
In assessing the oil content according to irrigation depths, it was noted relative decrease of values with the increase of the depths (Figure 1 ). The maximum value (33.81%) of oil content was achieved using a water depth of 250mm for 2009, on the irrigation treatment of 25.09% of the balance. (2011), evaluating the influence of irrigation depths with wastewater in the oil content of Jatropha seeds, longer intervals were observed in oil content compared to the results of the present study, ranging from 20 to 35% of oil content. Another difference found in relation to the SOUSA et al. (2011) study relates to the behavior of the values of oil content with the depth increasing, where, unlike the results of this study, an increase of values was observed. The differences observed may be related to the methodology used to estimate the oil content, because in the SOUSA et al. (2011) study, it was used nondestructive analysis by nuclear magnetic resonance to low field. Additionally, it is known that the geographic location is a factor that affects the values of oil content in Jatropha grains (TEIXEIRA, 1987) , and it is possible, in this case, to have influenced the magnitude of the values found. Regarding oil yield, it is observed in Figure 2 that there is a tendency of relative increase in function of irrigation depth applied, reaching an approximately constant level. FIGURE 2. Graphing and regression equation of the Jatropha oil yield as a function of irrigation depth applied.
The point of maximum technical efficiency of oil yield (412.98kg ha -1 ) was achieved using an irrigation depth of 814.25mm, which refers to a factor of water replenishment of 81.71%. There was an increase of 47.29% in oil yield, comparing the point of maximum technical efficiency to the estimated yield for the situation without irrigation (280.38kg ha -1 ). Additionally, in comparison with information found in the literature (average oil yield from 1,600 to 2,000kg ha -1 ) (TEIXEIRA, 2005; EPAMIG, 2006; ARRUDA et al., 2004) , it is observed that the production of oil, even for the irrigated treatment, showed 4 to 5 times inferior.
In summary, the adoption of irrigation caused a reduction of oil content in seeds of Jatropha; however it determined increase in oil yield of the crop. According to MARCOS FILHO (2005) , the effects of the environment, including water availability, may change the chemical composition of the seeds during development, i.e., the proportion of its components. In this case, the grains of Jatropha with higher weight, status affected with the increase of water levels applied in the study developed by DEUS (2010), may have increased the percentage of components related to protein and starch in relation to lipid, indeed resulting in decreasing the ratio of lipid weight and total weight of the grains, or decreasing oil content. Relative to water use efficiency in the Jatropha oil yield, it is observed in Figure 3 a relative increase to a certain water depth value (irrigation + rain), from which a decrease was observed. The point of maximum efficiency in water use in the Jatropha oil yield (0.1843kg ha -1 mm -1 ) was reached for a water depth (rain + irrigation) of 2,002.53mm, which refers to a treatment of water depth of 39.57%. Considering the treatment of irrigation for the point of maximum technical efficiency of oil yield (81.71% -2,474.83mm), it was estimate a water use efficiency in the order of 0.1669kg ha -1 mm -1 , 10.43% lower than in the treatment of irrigation depth of 39.57%.
CONCLUSIONS
The use of irrigation in the cultivation of Jatropha provided a decrease in the values of grain oil content; however it caused an increase of oil yield, which was provided by the increase in grain yield with the increasing of irrigation depths.
Potassium fertilization did not affect the culture in terms of oil content and yield.
There was an increase of water use efficiency in oil yield by a certain water depth with subsequent decrease.
